Handgrip strength is an important determinant of general health. The primary purpose of this study is to examine the handgrip strength levels in adolescents in terms of sports participation. The second purpose is to determine the association between handgrip strength and other strength parameters. Physically active adolescent athletes (n = 31, 14.26 ± 0.68 years), and the age, pubertal stage and gender-matched non-athlete adolescents (n = 31, 14.21 ± 0.66 years) at the age of 13 to 15 participated in the study. Maximum isometric muscle strength for hand, leg, and back were measured with a handheld dynamometer. Handgrip strength was correlated with leg strength and back strength (r=0.675; r=0.698, respectively). Non-athletes had lower strength values compared to the athletes (98.48 ± 38.25 kg vs 82.94 ± 33.70 kg; 91.48 ± 35.23 kg vs 70.35 ± 25.81 kg; 30.53 ± 7.05 kg; 25.97 ± 5.98 kg for leg, back and handgrip strength, respectively). There was a positive correlation between handgrip strength and other strength parameters in adolescents. Therefore, handgrip strength can be used as a general strength indicator in adolescents. Sports participation in adolescents seems to increase strength parameters notably and may affect health correlatively.
Introduction
Muscle strength, which increases during growth, is one of the most important elements of physical fitness and health. In the literature, it is stated that the muscle strength ranges obtained from healthy children may be used as a reference to interpret the acute and chronic diseases in children and adolescents (Davies, Greenwood, & Jones, 1988; Morey, Pieper, & Cornoni-Huntley, 1998) .
Muscle strength varies depending on age and gender. Concomitant development of muscle mass and muscle fiber size, the strength of children increases throughout the maturity. Thus, muscle strength is largely associated with height and body mass (Jaric, 2002; Markovic & Jaric, 2004) . Regarding gender, muscle mass may be higher in boys than in girls because of their height and body mass advantage. The underlying reason for this case might be the hormonal differences such as increased testosterone in adolescent males. Therefore, higher muscle mass might lead to higher muscle strength. Another reason for gender-related differences, particularly during adolescence, may be the changes in the body due to increased total fat percentage of girls. There is also a slight decrease in muscle strength after puberty. It has been reported that males are stronger than girls in all age categories, especially after puberty (Wind, Takken, Helders, & Engelbert, 2010) .
It is known that strength increases with age and increasing lean muscle mass. It has been reported that the muscle fiber composition and ATP-phosphocreatine concentration are similar to those of adults since 6-8 of age, and age-related increases in handgrip strength (HGS) have been reported to be related to increased muscle mass (Luisa, Micheletti Cremasco, Torre Antonio, Alberto, & Roberto, 2016; Sartorio, Lafortuna, Pogliaghi, & Trecate, 2002) .
The methods used to measure muscle strength are similar in adults and children. However, in cases where muscle coordination is not fully developed in children and adolescents, there is a risk of injury during strength measurement for large muscle groups. In addition, since it is time consuming to obtain data on the strength measurement of all muscle groups, it is necessary to develop lower-risk and more practical measurement methods which are representative of general strength. Handgrip strength measurements have been reported in the literature as a method that can be easily applied and as an indicator of general strength (Davies et al., 1988; Wang, Leger, & Dumas, 2005) .
Handgrip strength is an important component directly affecting performance in several sports such as rock climbing, handball, judo, weightlifting and racket sports. In related literature, HGS is used to evaluate the general strength (Pizzigalli, Micheletti Cremasco, La Torre, Rainoldi, & Benis, 2015) . To our knowledge, HGS is reported as an indicator of general strength in adult studies, yet a similar study in adolescents has not been found. In this study, it is aimed to investigate the relationship between leg, back and handgrip strength, which are most preferred methods in strength measurements. Another aim is to assess the relationship between strength parameters and a number of variables such as age, height, body mass and participation in sport.
Material and Methods

Experimental Approach to the Problem
To investigate the relationship among age, anthropometrical variables, sports participation and strength variables 31 athletes and 31 non-athletes between the ages of 13 and 15 were evaluated. In this study, relationship between leg, back and handgrip strength which are mostly used methods in strength measurements was investigated. Volunteers' height, body mass, body fat percentages, body mass index (BMI), handgrip strength (HGS), leg strength (LS) and back strength (BS) were measured. The study was approved by the Akdeniz University, Clinical Research Ethics Committee (494-11.07.2018) and it was conducted in accordance with the Declaration of Helsinki.
Participants
Thirty-one physically active adolescents (n=31; 14.26 ± 0.68 years; 16 males and 15 females) who participated sports trainings (football, handball, swimming, athletics) regularly for at least 3 years, between the ages of 13 and 15 years volunteered to participate in the study. As the control group; the age and gender matched sedentary adolescents (n=31; 14.21 ± 0.66 years) were recruited study. All participants were healthy and free of any history of musculoskeletal disorders. Prior to the measurements, participants were informed about the test protocols, and informed consent was obtained from participating adolescents and their parents. The physical characteristics of the participants in the study are shown in Table 1 .
Anthropometric Measurements
The height of participants was measured using a stadiometer with 0.1 cm of precision (SECA 213, Germany). Body mass index (BMI) was calculated by dividing body mass in kilograms by the square of height in meters (Gerver & Bruin, 1996) . Body weight and body fat percentages were measured using a bioelectrical impedance device (Tanita SC 330, Japan). Prior to bioelectrical impedance measurements, all participants were instructed to comply with the following bioelectrical impedance guidelines: a) no eating and drinking for at least 4 hours prior to measurement b) no excessive exercise participation in the last 12 hours c) no alcohol consumption for 12 hours prior to measurement d) if possible, urinating in the last 30 minutes e) no diuretics for the last 7 days (Heyward & Wagner, 2004) .
Strength Measurements
All subjects were tested for maximal isometric strength with respect to handgrip, leg and back strength by using handheld Takei dynamometer.
Handgrip Strength (HGS)
A digital hand dynamometer (Takei A5401, Japan) with adjustable grip handle, which weights 5.0-100.0 kg and 0.1 of precision, was used. For each participant, this dynamometer was adjusted according to the size of the participant's hand. Participants were asked to perform three trials and the best score was used for statistical analysis in the study (Johnson & Nelson, 1969) .
Leg Strength (LS) and Back Strength (BS) Measurements
The maximal isometric strength values of the legs and back were determined using a 1 kg sensitivity dynamometer (Takei A5402, Japan). Participants, wearing trainers, stood on the foot plate of the dynamometer with the scapulae and buttocks positioned flat against the wall. Participants flexed their legs in the angle of 135 0 . The pull bar of the dynamometer was placed in the hands and the chain length was adjusted properly. Participants were asked to extend the legs with maximal effort by pulling the bar simultaneously without jerking. The best score after three trials was used for statistical analysis in the study (Johnson & Nelson, 1969) .
For the back-strength measurements, participants were positioned in the same way as in the leg strength measurement, but with the legs straight and the back flexed from hip with fully extended elbows, until the tips of the index fingers reached the patellae. The pull bar of the dynamometer was placed in the hands and the chain length was adjusted. The highest score of three pulls was recorded. Participants were given a 3-5 min rest between each attempt to ensure full recovery.
Data Analysis
Skewness, kurtosis (Tabachnick & Fidell, 2007) , histogram, quantile-quantile plots (QQ-plots), Shapiro-Wilk test (Shapiro & Wilk, 1965) and Levene test (Martin & Bridgmon, 2012) revealed no variable violated normality and homogeneity of variance assumptions. In this study, following statistical tests were applied; Independent Sample T-Test to evaluate the difference between the groups and Pearson Correlation test to examine the correlation of the data. Statistical significance was set at p<0.05. SPSS 24 package program was used to analyse data.
Results
The physical characteristics of the participants are shown in Table 1 . As a result of matching physical characteristics between athletes and non-athletes, there were no statistical differences between groups (p>0.05). There was a positive correlation between handgrip strength and leg strength (r=0.675), leg strength and back strength (r=0.897) and handgrip strength and back strength (r=0.698). This correlation among leg, back and handgrip strength values was found to be statistically significant (p<0.001). Moreover, a positive correlation between leg, back, handgrip strength and body height and body mass was noted (p<0.01, p<0.001).
Discussion
In this study, it is aimed to investigate the relationship between leg, back and handgrip strength, and to determine whether grip strength is a predictor for total muscle strength in adolescents. Secondly, it is aimed to assess the relationship between strength parameters and a number of variables such as age, height, body mass and participation in sport. Sixty-two athletes and non-athletes between the ages of 13 and 15 years participated in this study. The physical characteristics of the athletes and non-athletes were similar (p>0.05).
Strength is considered as an important determinant for health-related life quality. Therefore, most of the rehabilitation programs focus on strength development as a protective factor for health. As an indicator of health, the strength assessment methods are important for clinical and applied sciences (Peterson, Saltarelli, Visich, & Gordon, 2014) . Although there are various strength assessment methods, it has been reported that the HGS can provide an easy and a proxy measure of total strength. Therefore, some researchers have studied to develop grip strength cut-points for muscle and bone health. Saint-Maurice et al. (Saint-Maurice et al., 2018) reported high correlation between bone mineral content and handgrip strength, and revealed that handgrip strength cut-points for "high risk for chronic diseases, mortality and bone fracture, later in life" was <25.7 and <21.2 kg for males and females at the age of 14, respectively.
Reliable muscle strength measurement of different muscle groups is time-consuming. A quick and simple measurement can be a good indicator of general muscle strength. There are studies suggesting that handgrip strength may be a sufficient measure for general muscle strength in adults as it is associated with arm, back and leg strength (Davies et al., 1988; Fricke & Schoenau, 2005 ), but on the individual level it is stated that this application may give misleading results. Furthermore, some studies have reported that a significant relationship between handgrip strength and physical fitness or health status (Bohannon, 2008a; da Silveira, 2005; Kerr et al., 2006) . Therefore, the grip strength can be used as a quick scan for patients and groups. However, for a detailed evaluation of an individual patient, it is recommended to test several muscle groups (Wind et al., 2010) . Bohannon et al. (Bohannon, 2008b) reported there was insufficient evidence to see whether grip strength is a good determiner for general muscle strength. However, as a result of our study, there was a positive correlation between handgrip strength, leg and back strength in adolescents and it is thought that grip strength could be used as a general strength indicator in adolescents.
In our study, the mean HGS for our participants was 30.53 ± 7.05 kg and 25.97 ± 5.98 kg for athletes and non-athletes, respectively. The results of the HGS measurements were comparable with previous studies. Considering the stated cut-points from the study of Saint-Maurice et al. (Saint-Maurice et al., 2018) , the non-athletes were found to be on the edge of high risk ranges. Similarly, Cohen et al. (Cohen, López-Jaramillo, Ferná ndez-Santos, Castro-Piñero, & Sandercock, 2017 ) also reported a mean HGS as 23.9 kg for schoolchildren of 10-16 years of age. Conversely, Pizzigalli et al. (2015) reported that the handgrip strength of the athlete group for 13-14 years were 32.8 ± 4.2 kg for the right hand and 31.5 ± 6.0 kg for the left hand. The dominant handgrip strength of the athletes for the age of 13 years was 29.09 ± 8.41 kg and the 14-15 age group had 42.27 ± 7.96 kg. (Visnapuu & Jürimae, 2007) . In agreement with other studies (Gürsoy, Akarsu, & Hazar, 2017; Işın, Özus, & Melekoğlu, 2018; Luisa et al., 2016; Melekoglu, 2015) , we found that athletes have higher strength values compared to non-athletes.
Previous researches reported that handgrip strength highly correlated with total muscle strength (Peterson, Zhang, Saltarelli, Visich, & Gordon, 2016; Wind et al., 2010) . Similarly, according to our results, a positive correlation was noted between handgrip strength and leg strength (r=0.675, p<0.001), and handgrip strength and back strength (r=0.698, p<0.001). Furthermore, there was a significant correlation between LS, BS and HGS with body height and body mass. Our results suggest that handgrip strength may be a predictor of total muscle strength. There are several studies concerning the correlation between HGS, BS, and LS in adults. Kaya et al. (2018) reported a high correlation between HGS and LS (r=0.863, p <0.001). Koley et al. (2010) found a statistically significant correlation between LS and BS in male cricketers (p <0.05). In the same study, there was no correlation between LS and BS with height, body mass and BMI values, though. Conversely, Schmidt and Toews (1970) reported that handgrip strength is related to some anthropometric characteristics such as body weight and body mass. As a result of another study on adolescent cricketers; none of the anthropometric variables other than age, height, body mass and BMI values were found to be significantly correlated with HGS. While body mass and BS were found to be correlated with each other (r=0.453, p<0.05), no correlation was found between HGS and BS (Singla & Hussain, 2018) . Wang et al. (2005) examined the relationship between HGS, BS and quadriceps strength in healthy women, and found a correlation between HGS and BS (r=0.501), and HGS and quadriceps strength (r=0.536). Further, researches revealed considerable evidence for an inverse correlation between cardio-metabolic risk factors and handgrip strength (Peterson et al., 2016; Wind et al., 2010) . Even if there are controversial results about anthropometrical variables and strength, a considerable amount of studies suggested a positive association between hang grip strength as a determinant of muscular fitness and general health.
Our study revealed that athletes had higher strength values than non-athletes. Sports participation in adolescents seems to increase strength parameters notably, and may affect health correlatively. Based on the relationship between handgrip, back and leg strength, it is considered that the grip strength is an indicator of general health in adolescents as well as an indicator of general strength. The handgrip strength of non-athletes was found to be on the edge of the high-risk ranges for general health. Sports participation in adolescent seems to increase strength parameters notably, and may affect health correlatively. Therefore, contents of physical education lessons and their frequency, and also additional sports participation is important to enhance adolescents' health. Future research is needed to determine the handgrip strength cut-points by considering age, ethnicity, gender, sports participation and health status. As an indicator of general health status, determining the handgrip strength cut-points by considering age, ethnicity, gender, sports participation and health status is very important to interpret public health. Additional sports participation is required to enhance adolescents' strength parameters, and correlatively their health status.
A major limitation of this study was the relatively small sample size. Further studies with a larger sample size which is inclusive of different sports branches and age groups is recommended to interpret the relationship of sports participation and handgrip strength.
